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Food security has become a crucial issue because of climate change, reduction of arable land, increasing population and 
frequent occurrence of natural disasters. The solution for many space-starved Zimbabwean gardeners is to grow their 
potatoes in sacks. However, there is a growing concern on this production method as possible yields are claimed to be as 
high as 30kg per plant yet some experienced container potato producers have had yields below 0.5 kg per plant. A study 
aimed at improving the yield of container produced potatoes through establishing a suitable planting depth and identifying 
better performing cultivars of potatoes grown in sacks was done. A Randomized Complete Block Design was used with 3 
varieties (Amethyst, BPI and Pimpernel) and 3 planting depths (10, 15 and 20 cm). Results for this work reveals that days 
to emergence, number of leaves, number of branches, stem diameter and stem length were significantly influenced by 
planting depth. Earliest days to emergence (8.56) was at 10cm while the lowest number of leaves was observed at 20cm 
and number of branches (11.44) was highest at 15cm. The largest stem diameter (0.744cm) and stem length (55.1cm) was 
at a planting of 15cm and 10cm, respectively. The varietal treatments were also significant for number of leaves, number 
of branches and stem length. BPI produced largest tuber size (37.4mm) and more percentage sellable tubers (82.6%) while 
Amethyst gave the highest yield (492g). BPI and Amethyst varieties might therefore be better choices for producing 


potatoes in a sack while Pimpernel did not produce well under these conditions. 
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INTRODUCTION 


Potato, (Solanum tuberosum L.), 18 a member of the 
Solanaceae family. It is a major world food crop and by far 
the most important vegetable crop in terms of quantities 
produced and consumed worldwide (Mtaita and Mutetwa, 
2012). It is a critical crop in terms of food security in the 
face of population growth and increased hunger rates. 
Because of climate change, the reduction of arable land, 
increasing population and frequent occurrence of natural 
disasters, food security has become a crucial issue. To face 
this situation, increased food supply has become a priority 
in the world’s development agenda. In terms of nutritional 
value, adaptability to diverse environments and _ yield 
potential, the potato is a preferred crop especially in 
developing countries. 

There has been an increasing demand for the potato in 
Zimbabwe, leading to more farmers both smallholder and 
commercial farmers venturing into potato production. In 
addition, urban households have also begun _ potato 
production, mostly in containers in their backyards. The 
solution for many space-starved gardeners is to grow their 
potatoes in containers and not just pots but sacks, stacked 
tyres, old compost bags, the kitchen sink, etc. Given its 
vigor, the humble potato is happy to call just about 
anywhere home. In recent years, there has been a 
development of growing potatoes in sacks particularly for 
urban dwellers where gardening space is limiting. Among 


the several advantages cited were those of higher achievable 
yields, chemicals and fertilizers are not lost to the ground 
during growing period, moisture is held for longer and 
weeds, insect pests and diseases are better managed, and 
that disease spread to other plants is minimal 
(Kenoshapotato, 2014). However, there is a growing 
concern on this production method as possible yields are 
claimed to be as high as 30kg per plant yet some 
experienced container potato producers have had yields 
below 0.5 kg per plant. 

Studies on plants are often conducted in controlled 
environments where the plants are grown in pots of different 
sizes. Small pots with limited space for root growth can 
strongly affect overall plant growth and influence plant 
responses to various experimental treatments (Hess and De 
Kroon, 2007). Previous studies on different plant species 
have shown that physically restricting the space for root 
growth affects carbohydrate metabolism (Ronchi ef al., 
2006), nutrient acquisition (Zhu et al., 2006; Yang et al., 
2007), transpiration (Ray and Sinclair, 1998), hormone 
production (Carmi, 1995; Liu and Latimer, 1995a) and 
whole-plant growth. 

Shoot growth is greatly impacted by varying container size 
and root restriction. Shoot height and biomass reduction in 
small containers have been reported for tomato (Peterson et 
al., 1991a), marigold,Tagetes erecra L. (Latimer, 1991), 
muskmelon (Cucumis melo var. reticulatus) (Maynard et al., 
1996) and watermelon (Liu and Latimer, 1995b). The rate 
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of vine growth was greater in plants grown in larger cells 
than in smaller ones once transplanted to the field. Liu and 
Latimer (1995b) found that shoot growth reductions in 
watermelons could occur as soon as 4 to 5 days after 
seedling emergence depending on container size. 

The effect of container size and root restriction on leaf 
growth has been documented for marigold (Latimer, 1991), 
euonymus (Dubik ef al., 1992), cabbage (Csizinszky and 
Schuster, 1993), tomato (Weston and Zandstra, 1986) and 
watermelon (Liu and Latimer, 1995b). In all cases, as 
rooting volume decreased, less leaf area was produced. The 
reduction in leaf area was due to both smaller and fewer 
leaves per plant. 

This study therefore, is aimed to improve the yield of 
container produced potatoes through determining a suitable 
planting depth and identifying cultivars better performing in 
containers. 


MATERIALS AND METHODS 


Experimental design and Crop establishment 

The experiment was conducted at Africa University Farm 
located at 18°53’70.3” South and 32°36’27.9” East and at 
an altitude of 1131m. A Randomized Complete Blocks 
Design was used with varieties and planting depth as the 
main plot factors. The experiment was set up on Thursday 
6'" November, 2014. Three varieties and three planting 
depths were used. The varieties are Amethyst, BP1 and 
Pimpernel. Planting depths used were 10cm, 15cm and 20cm. 
Each treatment was replicated three times. 

One day before planting soil was packed in sacks to a height 
of 25cm and watered to field capacity. Sprouted seed was 
planted in 50kg sacks at depths of 10cm, 15cm and 20cm. 
Compound C fertilizer was applied as basal fertilizer at 30g 
per sack. A nematicide was applied at 10g per sack after 
planting followed by watering to field capacity. Ammonium 
Nitrate was applied at two weeks after emergence at a rate 
of 10g per sack. Sulphate of Potash of 5g per sack was also 
applied one week after first flower, as standard practice. 
Earthing up was done three weeks after emergence and at 63 
days after planting. During dry spell, watering to field 
capacity was done three times a week. Routine spraying of 
fungicides and insecticides were carried out for fungal 
diseases and pest control, respectively. Harvesting was done 
when 95% of the plant had dried up. The tubers were left 
undisturbed for 10 days to allow tubers to cure. Harvesting 
was done by cutting open on the side of the sack and 
picking tubers from the soil contents of the sack. 


Parameters measured 

Days to emergence: This was recorded by counting the 
number of days taken for the sprouts to emerge from the 
soil. 

Number of stems per plant: This was measured by counting 
the main stems only during flowering of the crop. 

Stem length, Diameter, Number of branches and leaves: 
These measurements were taken soon after the petal fall 
stage. The diameter was measured using Vernier Calipers. 


Tuber number and weight per plant: This was recorded at 
the time of harvesting. Tubers were counted and weighed 
from the whole plot. 

Specific gravity: was calculated using following formula; 
Specific gravity = Weight in air / (Weight in air — Weight in 
water) 

Data analysis 

GenStat Discovery 3 Edition was used for Statistical data 
analysis and means separated using the least significant 
difference (LSD) at P=0.05. 


RESULTS 


Days to emergence 

Data regarding days to emergence showed significant 
(P<Q0.05) difference for planting depth (Table 1). Tubers 
planted at a depth of 10 cm were the earliest (8.56 days) to 
emerge while tubers planted at a depth of 15 cm and 20 cm 
gave a non-statistical difference from each other. There 
were no Statistical differences on days to emergence with 
regards to varieties tested. Also, as shown in Table 1 there 
were no significant differences with regards to planting 
depth by variety (DxV) interactions observed in terms of 
days to emergence. Mean days to emergence was 9.37. 


Number of stems 

As indicated in Table 1 there were no significant differences 
shown between number of stems with respect to planting 
depth treatments as well as varieties under investigation. 
There were also no significant DxV interactions recorded 
for number of stems. The differences in number of stems 
should come from the differences in the number of active 
eyes as well as the sprouts on the tubers at the time of 
planting. In this, experiment the non significant difference 
in stem numbers may indicate that the number of eyes and 
sprouts on the tubers planted were not different. 


Number of leaves 

The comparison of the planting depth treatment means 
reveal significant (P<0.05) differences on number of leaves 
(Table 1). The lowest number of leaves (46.67) was 
observed from a planting depth of 20 cm while a planting 
depth of 15 cm and 10 cm gave 54.67 and 53.00 leaves, 
respectively. Statistical differences were scored for the 
different varietal treatments for number of leaves. The 
lowest number of leaves was recorded from Pimpernel 
(43.78) while BPI and Amethyst recorded 65.44 and 65.11 
leaves respectively. Mean number of leaves was 51.44. 
There were also significant DxV interactions recorded for 
number of leaves. 


Number of branches 

There was significant influence of planting depth to the 
number of branches (Table 1). The number of branches was 
highest (11.44) at a planting depth of 15 cm while at a depth 
of 10 and 20 cm the numbers of branches were not 
significant from each other. The least number of branches 
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Table 1: Shows the mean values of characteristics as affected by depth of planting and potato variety 


Treatment Days to Number Number Number of Stem Stem Specific Number 
emergence of Stems of Leaves _ Branches Diameter Length gravity of tubers 
Planting Depth” 
Diocm 8.56" 4.11 53.00° 9.11° 0.644" 55.1° 1.19 8.22 
Discm 9.44a° 3.67 54.67” 11.44° 0.744° 48.8” 1.41 9.15 
D>0em 10.11° 3.44 46.67° 9.67" 0.656” 42.1° | pay. 10.15 
Significance . Ns ‘i si ‘i ns ns 
Variety Mean”? 
VAME 9.33 4.00 65.11” 11,29 0.700 474° 1.18 9.67 
Vapi 9.00 3.78 65.44” 8.78" 0.711 54.6° 1.20 9.33 
Vpmp 9.78 3.44 43.78° 10.22° 0.633 44.0° 1.44 7.93 
Mean 9.37 3.74 51.44 10.07 0.681 48.7 1.61 9.17 
Significance ns Ns ‘ . ns . ns ns 
LSD 1.090 0.673 3.098 1.187 0.0983 5.28 1.83 2.421 
Dx V 
Significance ns Ns Bs ns ns ns ns ns 
LSD 1.888 1.166 5.366 2.057 0.1703 9.15 2.169 4.194 
CV% 11.6 18.0 6.0 11.8 14.4 10.9 64.1 26.4 


*denotes significance at P<0.05. ns denotes non-significance. 


with regard of varietal treatments was recorded for BPI 
(8.78). No significant DxV interactions were recorded. 
Mean number of branches was 10.07. 


Stem diameter: 

Stem diameter recorded at 10 cm was 0.644 cm and 
increased with increase in planting depth to a peak of 0.744 
cm at 15cm planting depth (Table 1). Beyond 15cm, the 
effect of planting depth on stem diameter was depressive 
(0.656 cm diameter at 20 cm planting depth). Mean stem 
diameter recorded was 0.681 cm. No significant differences 
were recorded between varieties and also no significant 
DxV interactions were noted. 


Stem length: The comparison of treatment means (planting 
depth and variety) revealed significant (P<0.05) differences 
in the stem length of the crop (Table 1). This implied 
significant effect of planting depth and variety on stem 
length. As the planting depth increased, the stem length 
decreased. Stem length was highest at a planting depth of 10 
cm (55.1 cm) and lowest at a planting depth of 20 cm (42.1 
cm). The variety with the tallest plants was BP1 (54.6 cm). 
No significant DxV interactions were recorded. Mean stem 
length recorded was 48.7 cm. With regards to planting depth 
data in Table 1 indicate that stem length decreased with 
increase in planting depth. 


Specific Gravity:There were no_ significant (P<0.05) 
differences for both Planting depth and Variety treatments 
applied with respect to tuber specific gravity. There were 
also no. significant (P<0.05) differences in the DxV 
interactions for tuber specific gravity. Both Planting depth 
and varieties were not able to influence the specific gravity 
of the tubers. 


Number of Tubers: Data pertaining to yield of tuber 
numbers reveal that there were no significant (P<0.05) 


differences among the means for depth of planting and 
variety treatments. The non significant interaction of DxV 
on the number of tubers indicates no degree of influence of 
depth of planting and variety on final yield of tuber numbers 
(Table 1). Nonetheless, varieties Amethyst and BP1 had 
average number of tubers (9.67 and 9.33 respectively) 
which were above the mean tuber number of 9.17. On the 
other hand, a planting depth of 20 cm had tuber numbers 
(10.15) above the mean. 


Tuber Diameter: The comparison of treatment means for 
depth of planting did not reveal any significant differences 
in potato tuber diameter. This implies a negligible role of 
depth planting treatments in influencing tuber size (Figure 
1). Tuber diameter from a planting depth of 10 cm was 
however, higher (33 mm) than the treatment mean diameter 
(29.9 mm). 

However, the comparison of varietal treatment means 
revealed a significant difference in potato tuber diameter. 
Variety BP1 produced tubers with the highest (37.4 mm) 
tuber diameter while varieties Amethyst and Pimpernel were 
not significant from each other (29.5 and 22.7 mm 
respectively). 


Sellable Tubers (%):The influence of planting depth and 
variety was significant on the total percentage of sellable 
tubers in this investigation (Figure 2). The lowest 
percentage sellable tubers (71.06 %) were observed from a 
planting depth of 20 cm. Figure 3 indicates that a planting 
depth of 10 and 20 cm produced more tubers above the 
means while a planting depth of 15 cm produced more 
sellable tubers below the mean. The distribution of the 
sellable tubers (Figure 3) shows that plots with variety BP1 
and Amethyst had fewer tubers above their means while 
Pimpernel tuber distribution was that more tubers were 
above the percentage sellable mean. 
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Figure 1: Shows the means of tuber diameter as influenced by 
planting depth and potato variety. 
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Figure 2: Shows the means of % sellable tubers as influenced 
by planting depth and potato variety. 
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Figure 3: Shows tuber distribution as influenced by planting 
depth and potato variety. 
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Fig. 4: Shows the means of total tuber weight (g) as influenced 
by planting depth and potato variety. 
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Figure 5: Tuber weight distribution as influenced by planting 
depth and potato variety. 


Tuber size was also a factor in the determination of sellable 
tubers. Although it was not statistically significant it can be 
noted that the smallest average tuber size was observed at a 
depth of 20 cm (Figure 1). 


Total Tuber Weight (g) 

Figure 4 shows that the means for total tuber weight was 
non-significant for the planting depth treatment. Nonetheless, 

total tuber weight of 379 g from a planting depth of 15 cm 
was the only one above the total mean weight of 366 g. 
Figure 5 demonstrates that all the planting depth treatments 
produced more tubers which were below their average tuber 
weight mean. Variety treatments, however, reveals that plots 
with BP1 and Amethyst had more tuber weights below the 
varietal mean while plots with Pimpernel had more tuber 
weight above varietal mean. However, the comparison of 
treatment means varying the varieties indicated a significant 
difference in total tuber weight (Figure 4). The total tuber 
weights increased in the order of Pimpernel<BP1<Amethyst 
with weights of 193g, 412g and 492g respectively (Pictures 
in Plate 1 below). The total mean tuber weight of Pimpernel 
was below the mean weight by 173g. 


DISCUSSION 


Good potato yield comes from achieving the optimum tuber 
numbers, maintaining a green leaf canopy and increasing 
tuber size and weight. A significant shorter time to emerge 
for tubers planted at a depth of 10 cm could be attributed to 
smaller depth of soil above the tuber allowing the 
underground growing shoots to get the surface quickest. 
The potato sprouts had to come across a shorter distance of 
the ground to emergence than the deep planting. The 
significant differences on number of leaves could be 
attributed to the growing characteristics of the varieties 
under investigation. The varieties Amethyst and BPI are 
known to produce dense foliage than Pimpernel (Zimbabwe, 
Ministry of Agriculture Mechanisation and_ Irrigation 
development, 2011; Manzira, 2010). Also early emergence 
comes with early leaf development so there could be a 
positive relationship of days to emergence and the number 
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of leaves recorded for these varieties. Significant differences 
among varieties in terms of the total number of leaves, 
number of branches and stem length can be attributed to 
different genetic characteristics and environmental 
adaptability. At a shallower or deeper planting depth the 
decrease in number of branches shows a negative effect on 
plant development. The peak number of branches recorded 
at 15 cm could be ascribed to the depth being the optimum 
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Field layout, Africa University Farm Potatoes in a sack 
Stage: At week 16 from planting. 





Postharvest handling 
Grading of the tubers 


(from left to right; varieties, Amethyst, Pimpernel, BP1) for 
plant development. The roots not being too close to the 
surface where the soil dry up quickly or too deep had 
chances of poor aeration due to too much water and soil 
compaction. The roots will grow in the most favorable 
conditions to support above ground growth. The least 
number of branches recorded for BP1 could be as a result of 
its growth habit to produce dense foliage which are many 
leaves on the main stem. As for Amethyst, it produces both 
many branches and leaves while Pimpernel produces many 
branches but fewer leaves on each branch. 

The significant results for stem diameter in relation to 
planting depth is because at shallow planting depth the roots 


are prone to high surface temperatures early in the growth 
season hence poor uptake of nutrients to support stem 
development. At a much higher planting depth (20 cm), the 
amount of soil above the tuber could have resulted in early 
compaction hence restricting root development for nutrient 
uptake. Peterson et al., (1991b) attributed this to decrease 
rooting space leading to competition for available oxygen 
hence poor plant growth. Reduced shoot growth can also be 
explained by the fact that deeper planting leaves the plant 
with a smaller room for root development to support shoot 
growth. In a study using coffee plants, Ronchi et al. (2006) 
attributed the reduced shoot growth to decreasing rooting 
Space in pots causing large reduction in shoot growth. 
Imbalance in plant hormones might also be involved in 
limiting shoot growth under rooting space _ restriction 
(Carmi, 1995) and O, deficiency (Shi et al., 2007). When 
working with grapevine plants, Zhu et al., (2006) found that 
restricting soil volume for root growth in small pots reduced 
shoot growth but promoted root growth. 

The decrease in stem length with increase in planting depth 
could be because at shallow planting the plants emerged fast 
and had an early growth period. Also at lower planting 
depth the difference in the exposed stem could have 
contributed positively to stem length while the buried stem 
for higher planting depth contributed negatively to stem 
length. With regards to effect of variety to stem length BP1 
recorded the fewest number of branches. This could have 
been an advantage to this variety in terms of extra soil 
nutrients and more photosynthetic assimilates being 
partitioned towards stem growth. The largest tubers 
obtained from BP1 could be attributed to supplies of a high 
nutrient base for growth and development of the tubers. This 
variety had more photosynthetic surface and more 
conducting tissue as a result of more leaves and wider stem 
diameter for upward nutrient movement to the leaves and 
downwards movement of manufactured nutrients to the 
tubers as compared to other varieties. Rosen and 
McNearney (2003) and Al-Maier et al. (2001) also 
attributed higher yield of table potato and mini-tubers to 
greater supplies of nutrient base for growth and 
development. The smallest percentage of sellable tubers was 
also from the 20cm planting depth. A high percentage of the 
non-sellable tubers could probably be due to increased root 
density at deeper planting resulting in limited soil volume. 
Also an increase in overlapping zone and barriers to 
diffusion affected nutrient acquisition and caused nutrient 
deficiency even though adequate nutrient were supplied. 
This also explains why there was smallest size of tubers at 
20cm depth despite having the highest number of tubers. 
Rosen and McNearney (2003) and Al-Maier et al., (2001) 
argues that to get more sellable tubers extra nutrients are 
needed. 

The least number of leaves observed in Pimpernel variety 
contributed to low tuber weight as leaves are the primary 
structure for photosynthesis producing food for tuber 
storage. Mutetwa and Mtaita (2014) observed that as the 
photosynthetic surface increased the yield of cucumber 
increased as well. 
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As planting depth did not have an effect on tuber weight, the 
variation was possibly due to the ample diversity of genetic 
material used. Julian et al., (2014); Vanaei et al., (2008) and 
Ozkanak (2005) also found varietal differences to be the 
cause of tuber weight variation in potato mini-tuber 
production. 

Non-significant differences in number of stems, specific 
gravity and number of tubers for both planting depth and 
varietal treatments could be attributed to physical restriction 
of the space for root growth which in turn affects 
carbohydrate metabolism (Ronchi et al., 2006), nutrient 
acquisition (Whitfield et al., 1996; Yang et al., 2007), 
transpiration (Ray and Sinclair, 1998), hormone production 
(Liu and Latimer, 1995a) and whole-plant growth (Yang et 
al., 2010). Specific gravity is affected directly by the 
amount of dry matter accumulated in the tubers. Studies on 
plants often conducted in controlled environments where the 
plants are grown in pots can strongly affect overall plant 
growth and influence plant responses to various 
experimental treatments (Hess and De Kroon, 2007). 


CONCLUSION 

The results of this study shows that planting depth and 
variety have got an influence on the growth and yield of 
potatoes produced in sacks. The deeper the tuber at planting 
the more time it takes to emerge. Generally, planting depth 
did not have much bearing on the above ground growth of 
the potato plant. However, it is the different varieties which 
exhibited much influence on growth and yield of the 
potatoes. This work shows that BP1 and Amethyst varieties 
might be better choices for producing potatoes in a sack 
while Pimpernel does not produce well under these 
conditions. Variety BPI produced more sellable tubers 
while Amethyst gave the highest yield in terms of tuber 
weight. Nevertheless, more work needs to be done in 
relation to varying the size of the sack and on quality and 
type of the potting media as these could have a significant 
influence on the tuber yield. 
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